realized; Galakn and Maso (1957) first reported its use in their study of nephrotic children.
In the same year Vernier and his colleagues (Farquhar, Vernier and Good, 1957) published the first of a series of papers concerning renal biopsy in children. They have now performed over 250 biopsies, with 'no deaths which could be attributed to the biopsy procedure' (Vernier, 1960) , and Dodge, Daeschner, Brennan, Rosenberg, Travis and Hopps (1962) have recently added a further 205 biopsies. The use of renal biopsy in children has so far received little prominence in reports from Great Britain. This paper records observations on the first hundred renal biopsies, performed personally upon children, using a technique based upon that of Kark and Muehrcke (1954) . The main purpose of the paper is to indicate the practicability of the procedure in children, and special reference is made to technical details which, it is believed, may contribute towards lessening the risks of failure and of danger to the patient. It is not intended to give a detailed pathological analysis, for the material obtained * Present address: Department of Paediatrics, Guy's Hospital, London S.E.1. falls into several categories and will be published separately. However, the adequacy of specimens for histological interpretation, based on glomerular yields, will be discussed. The applications of percutaneous renal biopsy have been fully discussed elsewhere (Kark et al., 1958; Vernier, 1960;  Pirani and Muehrcke, 1960 ; Ciba Foundation Symposium on Renal Biopsy, 1961) .
Selection and Preparation of Patients
Renal biopsy should be performed only in hospital, where careful post-operative observation is possible. A plain abdominal radiograph is first obtained, to demonstrate the presence of two kidneys, in approximately normal positions. A Senokot enema, which contains standardized senna in isotonic saline, is given two hours before, and has been found to give excellent clearance of unwanted intestinal gas shadows. Satisfactory films have been obtained in most Caucasian children but, in many African children, the demonstration of renal outlines has been found disappointing, possibly owing to lack of perirenal fat. Intravenous pyelography may, therefore, be necessary; a single ten-minute film is usually sufficient.
A known bleeding tendency is an absolute contraindication to percutaneous renal biopsy but, in the absence of such a history, estimation of the bleeding time and prothrombin index will rule out important abnormalities. In doubtful cases the blood coagulation mechanism should be fully investigated. Before biopsy it is advisable to ensure that compatible blood is available for transfusion. In Muehrcke, 1960) .
Biopsy Technique
Most of the early biopsies in this series were performed under general anaesthesia, the kidneys' movements on respiration being controlled by means of intravenous succinyl choline. Anaesthesia was induced with the patient supine and biopsy was performed in the prone position. At present local analgesia and sedation are used almost exclusively, an exception being made only when sedation is ineffective and the child shows extreme apprehension or inability to co-operate. The best premedication consists of pethidine hydrochloride, 2 mg./kg., chlorpromazine hydrochloride, 1 mg./kg., and promethazine hydrochloride, I mg./kg. body weight, given by intramuscular injection one hour before biopsy. Paraldehyde has also been used in young African children with protein-calorie malnutrition, in whom the action of pethidine is less predictable than usual. A dose of 0 4 ml./kg. body weight is given intramuscularly one hour before biopsy. A simple explanation of the procedure is first given to most children over 4 years old, and a ward nurse, whom the child knows, accompanies him and constantly endeavours to reassure him throughout the procedure.
The patient is placed prone on a couch or operating table and a sandbag is inserted beneath the abdomen, or the kidney bridge is raised. After cleaning the skin, the landmarks are palpated. Initially radiographic localization of the lower pole of the kidney was employed and landmarks were meticulously outlined with dye on the patient's skin as described by Muehrcke, Kark and Pirani (1955) . However, analysis of the first 35 biopsies revealed that however laborious the preparation the needle was invariably inserted through the skin just below the angle formed by the intersection of the lowest palpable rib and the lateral border of the sacrospinalis muscle (Fig. 1) . The relation between supine radiographic location of the kidney and its actual position in a child lying prone with a sandbag under the abdomen is uncertain, and exploration with a fine needle, which is an essential preliminary manoeuvre, gives more precise localization.
The skin, subcutaneous tissue and muscle are infiltrated with 2 % procaine, unless general anaesthesia is used. If this is done with care and patience, the child will experience very little discomfort and, given adequate sedation and sufficient time for completion of analgesia, the biopsy procedure will be accepted without resistance. (Muehrcke et al., 1955) . The amplitude of the swing, however, is occasionally misleading. The renal excursion may be very small, especially when general anaesthesia and muscle relaxants are used, and yet a wide oscillation may be observed when the tip of the needle is in perirenal fat. If, at the first attempt, the kidney is not located, the needle may be withdrawn and redirected slightly medially or superiorly, until the kidney is found.
Three further movements of the exploring needle may also assist in the kidney's identification (Kark et al., 1958 movement is sometimes seen when the tip of the needle lies very close to the kidney but has not punctured the capsule. During inspiration the needle does not swing evenly but appears to be 'taken up' by the impact of the kidney and, as it begins to move, a distinct flick is seen. To complete the procedure very little adjustment of the needle's position is needed. It is wiser not to insert the biopsy needle until the kidney has been identified with reasonable certainty, and inexplicable failure must sometimes be accepted. Before the exploring needle is withdrawn, a short length of capillary rubber tubing mounted transversely on its shaft is pushed down against the skin, to facilitate measurement of the skin-to-kidney depth. For the biopsy, a modified Vim-Silverman biopsy needle is used (Fig. 2) . It has an adjustable stop on the shaft of the outer needle and a device for altering the depth of insertion of the cutting prongs through a range of 1I 5-2 5 cm. (White, 1962) . A setting of 1-5 cm. is used in infants and 2 cm. in older children. Since the principal aim is to obtain cortical tissue, longer settings are unnecessary. The stop on the outer needle is first secured at a distance from the bevel equal to the skin-to-kidney depth plus the selected setting of the cutting prongs. Through a small stab incision, the needle with stilette in place is introduced along the track of the exploring needle until it is thought to have reached the kidney, as indicated by its movements and by the firmness of the tissue. The biopsy is completed in three rapid movements. First, the outer needle is held by the left hand while with the right hand the inner needle is inserted until the adjustable 'runner' is arrested by the hub of the outer needle. The position of the inner needle is then manually fixed in relation to the child while the outer needle is advanced until the safety stop reaches the skin. Finally, the whole instrument is withdrawn. The second movement closes the cutting prongs, dividing the specimen at its attachment. In advancing the outer needle considerable resistance is sometimes met, and the inexperienced operator will notice that the right hand tends to exert an involuntary counter-traction on the inner needle. This must be corrected if good specimens are to be obtained. During these three movements the child should, if possible, hold his breath but if he is unable to co-operate each movement may be made during the passive expiratory phase, pausing during inspiration. Except during these movements, it is never necessary to grasp the needle tightly. With effective sedation and local analgesia, the child remains asleep during biopsy. The respiratory excursions are usually small and, provided that movements of the needle are executed swiftly and skilfully, the risk of capsular tear is very slight. In the occasional child who cries, expiration is prolonged, and this is of advantage to the operator. It is the author's practice to take a second specimen from a different part of the kidney by aiming the biopsy needle in a more cephalad direction through the same incision.
After operation, the patient remains resting until the following morning and the pulse, blood pressure and urine are examined at intervals for evidence of haemorrhage. Abundant fluid should be drunk to minimize the risk of blood clotting within the renal pelvis and causing colic.
Processing of Specimens
The specimen is carefully removed from the needle and straightened out upon a glass slide to prevent it from curling during fixation. If required, 1 -mm. cubes may be cut off and processed for electron microscopy. The remainder is placed in Susa fixative and the specimens are embedded in paraffin, serially cut at 2-4 u thickness and stained with haematoxylin and eosin, and by the periodic acid-Schiff method which enables the glomerular capillary basement membrane to be studied (Hutt, de Wardener and Sommers, 1959 (White, 1962) . In two of the patients a further attempt was permitted and succeeded on both occasions. In another child biopsy was apparently successful but neither specimen contained any glomeruli; a second biopsy contained 37, however. Splenic tissue was once obtained from a child with moderate splenomegaly, on attempted biopsy of the left kidney. In the remaining four failures the kidney was not located by the exploring needle, in spite of radiographic definition. General anaesthesia was used in three of these unexplained failures and local analgesia in one.
Complications. Transient gross haematuria occurred 13 times and caused renal colic on one occasion. Only one child complained of pain in the loin after operation but, on questioning, most older children admitted experiencing slight aching over the biopsy site, although few retained any memory of the procedure. One African child with nephrosis became shocked after biopsy under general anaesthesia but recovered following a small blood transfusion. There was no haematuria but the pre-operative haemoglobin was only 8-9 g./100 ml., owing to hookworm infection.
Two African children died within 24 hours of biopsy, one as a result of the biopsy. The first, a 5-year-old nephrotic with a blood urea of 83 mg./ 100 ml. but no hypertension, suffered cardiac arrest at the conclusion of biopsy under general anaesthesia. At thoracotomy a small pericardial effusion was discovered. The heart was restarted following massage and intracardiac injection of 2 ml. of 1 : 10,000 adrenaline, but the child never regained consciousness and died 17 hours later. There was neither haematuria nor clinical evidence of perirenal haematoma. The body was swiftly removed from hospital by the father, so that no autopsy was possible. This death must be accepted as due to the performance of renal biopsy under general anaesthesia, although the biopsy showed chronic glomerulonephritis with advanced sclerosis of nearly all 72 glomeruli present.
The second, a baby aged 26 days weighing 3 -2 kg., was admitted with gross pitting oedema, proteinuria and hypo-albuminaemia, and an inflamed umbilical stump. The blood urea was 98 mg./100 ml. and the antistreptolysin titre was greater than 333 units per ml. A diagnosis of septicaemia with either inferior vena caval thrombosis or congenital nephrosis was made and, in spite of antibiotic therapy, his condition deteriorated. Since both kidneys were easily palpable, it was decided to attempt renal biopsy before considering introducing steroid therapy. Under local analgesia two small specimens were obtained from the right kidney. After operation there was no haematuria but the infant's condition continued to deteriorate and he died 23 hours later. At autopsy two fine needle tracks were seen to pass through the infero-lateral part of the renal cortex and 2 ml. of blood were found beneath the renal capsule. The abdominal viscera were intact and there was no evidence of trauma. There were multiple abscesses in the umbilical vein, liver, heart muscle and lungs which also contained extensive haemorrhages.
Some of the 72 glomeruli present in the biopsy showed the features of immaturity seen in the 'nephrogenic zone' of the neonatal kidney (Potter, 1952) , but most of the mature glomerular tufts showed diffuse cellular proliferation and occasional polymorphonuclear leucocytes. Several tubules and a few capsular spaces contained red blood cells. These changes were confirmed at autopsy and it is believed that the infant had suffered from acute, post-streptococcal glomerulonephritis, although the immediate cause of death was pulmonary haemorrhage associated with septicaemia.
Discussion
To be acceptable, a biopsy procedure must be comparatively free from risk. Assessment of mortality is difficult because a number of fatal accidents may remain unpublished (Sherlock, 1958) . In the Ciba Foundation Symposium on Renal Biopsy (1961) contributors from 15 medical centres reported experiencing no fatalities in 5,120 biopsies, but four unpublished deaths from other centres were cited. A questionnaire circulated by Slotkin and Madsen (1962) , and answered by 70 urologists, recently revealed four unpublished deaths among 5,000 renal biopsies. These were attributable to haemorrhage in already seriously ill patients, as was the death reported by Zelman (1954) who performed simultaneous liver and renal biopsies upon a uraemic man. Such deaths reflect faulty selection of patients rather than the true mortality from the procedure. The second death reported in the present series, while not directly attributable to renal biopsy, nevertheless illustrates the need for careful preliminary assessment of the patient's fitness.
Unexplained death may rarely occur in a patient who is considered fit for biopsy (Reubi, 1954 Biopsy, 1961; Slotkin and Madsen, 1962; Dodge et al., 1962) , giving an estimated mortality of 0-17%. Allowing for other unpublished deaths, this figure is probably optimistic but nevertheless compares favourably with that of liver biopsy (Sherlock, 1958) .
Reference to Table 2 reveals that three of the four unexplained failures were associated with the use of general anaesthesia. Muscle relaxants, while giving complete respiratory control over the kidneys' movements, also paralyse the abdominal and diaphragmatic musculature and it is believed that in these circumstances the prone position, coupled with sandbag compression, may cause upward displacement and increased mobility of the kidneys, thus impeding their identification. The prone position, in which much of the weight of the trunk is supported by the anterior chest wall, is not ideal for artificial pulmonary ventilation, and the possible risk of major vascular compression, associated with the use of muscle relaxants, cannot be ruled out. However, in commenting on the higher failure rate associated with general anaesthesia, it must be pointed out that in this series the routine use of sedation and local analgesia was adopted only after the 39th biopsy, 38 of which, including all eight failures, had been performed under general anaesthesia. The lower failure rate observed in biopsies under local analgesia is thus associated with greater technical experience. Nevertheless, the use of sedation and local analgesia has, in the author's experience, been associated with diminished technical difficulty and parental anxiety and greater convenience.
The overall failure rate in the present series is 9 %, but if the three failures which were subsequently repeated with success are excluded the failure rate becomes 6-2 %. By the current technique, using local analgesia, it is less than 2 % (one failure out of 61 attempted biopsies). These figures compare favourably with those of other workers. Parrish and Howe (1955) (Fiaschi, Ercoli and Torsoli, 1953) , estimation of the kidney's depth by an ultrasonic flaw detector (Berlyne, 1961) , and performance of needle biopsy through a surgical incision after digital palpation of the kidney (Morales, Hamilton, Brown and Hotchkiss, 1961) , complicate the procedure and do not significantly reduce the incidence of failures. Kark et al. (1958) 
